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(57)Abstisct 

Acathctei^ comprises a catheter body («» havins^a proximal end a dls^l ^^^^^^ ^^^^^ 
the distal cnd <ti). The electfode array includes a pittrality of isolated electrode terminals <»«>J^^»«^^'%[!>^ 
common electidis (16) are connected to a high frequency power supply (32) and the common < If > 
on the catheter, may be secured separately to a patients skin, or may be ^l^'^J^^^], I^^^i^^^^^^ 
contaaing the electrode ami, against a targ^ location In the patient's body the ^^J^^^^ T^m^v an^r^ O^^ 
with the current density being contacted at the points of contact between the electrode ^^^'P^^^'V^?) J^^^^i*^^ 
stenotic materiaL For ^mple, by posHion.ng the common electrode w.th.n a /^"^^ 
surface of the stenotic region with thTelectrcle array, the stenotic material can be heated by apply.ng f/*^^^"*'^ 
voltage between the electrode array and the common electrode. The stenotic region can thus recanalized by advancing 
distal end of the catheter body through the heated stemHtc material. 
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1. ylaid eg invention 

The present invention relaites genaraXly to the 

construction and use of catheters for interventional and 
di^gx^pstic procedures. In jMurticulaur, the present 
ixiv«xtion Jra^aites to methods and af^iaratus for advancing 
cal£het»rs thjrouqflii restrictions and opclusions within body 

1.5 luiMtns and cayiities. 

Atherosclerosis is a f orin of etrteriosclerosis 
imieh is characterized by irregularly distributed 
deposits on the walls of a patient's axrteries. Such 
deposits f ^traiiuently ^iteose and 
20 s^iously ccn^^rP«i»ing the patient *s health. 

A niMBber of catheter-based approaches have been 
d«velopad for dlac^sinsr and treal^^ 
t^tihmr fprns of arteriosclerosis. The Bost common 
interventional teidmigue for 
?5 balloon Jmgioplas^ where a balloon-ti|»ped catheter is 

introduced to thp vascular system, and the balloon 
esqiKsnded withiii a region of stenosis. Other 
interventional techniques include atherectomy, where, for 
Mca^le, a catheter having a ocqa-shaped rotating cutter 
isi introduced to the vascular system and used to severe 
and capture at least^ a portion of the stenotic material . 
0«her intetrventionai tecdiniques include laser ablation, 
mechanical abrasion, chemical dissolution, and the like, 
catheter-based diagnostic techniques include ultrasonic 
imaging where an ultrasonic transducer disposed at the 
dListal end of a vastcular catheter is iittroduced to the 
region of stcmosis. 
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With most of these techniques, it is necessary 
to cuivance the distal end of the catheter at least partly 
through the stenosed region before the interventional or 
diagnostic procedure can be commenced. While such 
5 initial advancement is often not a problem, it can be 

very problematic when the occlusion is severe and little 
or no lumen remains to receive the catheter. Under such 
circumstances, it is necessary to at least partly 
recanalize the occlusion before i£he catheter procedure 
10 can begin. 

A niunber of methods for trecanalizing severe 
occlusions have been proposed, including the use of hot-— 
tipped catheters, laser catheters, artdi drill-tipped 
catheters. In general, these appi^baches rely on very 

15 aggressive treatment of the stenotic material to bpenuup 

a passage, wjhere such aggires^iVe techniques can expose 
the blood vessel v^ll to siginif leant injury, for example, 
vessel perforation. The risk of iiijtiry is exacerbated by 
the imTOiistxaiJiedi pa catheter can follow. 

20 An improvetd techiiique for advancing an 

angioplasty catheter into ihd optionally through a severe 
occlusions is described in U.S. Patent Nb. 4,998,933 (-tb^ 
entire disclosure of which is hereby incorporated herein 
by reference) , whldh hais common ihvehtdrship with th& 

25 pre^ezit application. A f^ disposed at or 

near the liistal tip of the aliigabipiasty cktheter and. a 
second eleciirode is provided on ah electrically 
conductivie guidewire. After the gtiidewire is at least 
partly advanced into a stenotic material, a high 

30 frequency voltage can be applied between the guidewire 

eiectirode and the catheter tip eiedtrbde in order to 
generate h^t within the stenotic material lying between 
said electrbdes. As the stenotic material is heated, it 
is softened, thereby allowing easier advancement of the 

35 angibpiaisty ca'Uijeter . 

Although a substantial improvement in the art, 
the catheter described in U.S. Patent No. 4,998,933 can 
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* cause unwanted shorting of electrical energy t>y the blood 
and blood vessel wall during the application of the high 
frequency voltage. The catheter employs a single 
discrete electrode at Its distal tip . So long as the tip 
electrode fully contacts the stenotic matexrial, the 
induced heat Vill be substantially limited to the 
stenotic material. If a portion (or all > of the 
electrode is exposed to the blood vessel wall and/ or 
bloody however, ciirrent will begin to flow through the 
blood vessel tissue and/ or blood, causing the undesired 
shorting o* electrical. cur Moreover, since both the 

blood vessel wall and the blood have higher electrical 
cohductiVities than tAe stenotic: material, they will 
carry the curxent -in preference to^ t^ 

Fbf these reasons, it would be desirable to 
provide improved apparatus^ and- methods for advancing 
vascul^ r^ca^t^^Bter^^st sever e^ in blood 

vesscsars andr-b^ In particular, it would 

be ^si^able^^to'^rov^ type 
descjrib^ i* ^I^^ 4,998,933, where the 

cdldieter jffi^re selectively heats the atheromatous 
material ^ It wcwild be further desirable if such 
ca^e^ters W^e abl4s^ to discriminate between the 
athfi^iiiifiatous mass and the blood vessel-wall 
(preferentially heating and ablating the former) so that 
the catheter would selectively pass through the atheroma 
as the catheter is advanced through the lumen of the 
blood vessel- The catheters and methods of the present 
invention should be compatible with a wide variety of 
interventional and diagnostic devices , particular ly being 
compatible with angioplasty catheters* 
2^ Peseription of t» e Baclcaroimd Art 

UvS. Patent No • 4,998,933, is described above- 
European Patent Publication 182 689 and U.S- Patent No. 
4,754,752 describe angioplasty balloon catheters having 
means for internally heating the balloons. A ••hot tip*' 
catheter having a metal tip heated by a laser is 
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described in Cumber lant et al, (1986 Lancet i: 1457- 
1459 V U.S. Patent No. 4,654,024^ describes a catheter 
having an electrically beated tip for neltini? atberpma- _ 
U.S. Patent No. 4^796,622/ describes a catheter having a 
5 tip vhich is heated by an exothermic reaction. A 

catheter having a high speed rotating abrasive element at 
its distal tip is described in U.S. Patent No. 4,857,046. 
U.S. Patent No. 4,709,698, describes the placement of 
electrode pairs on the sur f ace o f a dilatation balloon to 
iO ^ ^ ^ heat atheroma as the balloon is expanded. 

gmOttRY py TOE IKVEHTION 

The present invention provides apparatus and 
methods for localized heating of target locations within 
a patient's body, sucdx as atheromatous m^ss in blood 

15 v^sels, tissue, and the like. The method and apparatus 

are particularly useful for advaincing a catheter through 
an occluded iregion in a blood vessel or other body lumen, 
more particularly through stenotic regioM^ ^^ i^ blood 
vess^^ which are fully or almost fully pec jAKied w^ 

20 st«iotic material, catheter apparatus' aacording to the 

present invention include a cathel^er body having a 
proximal end, a distal end, 9^ an electarjpde array 
dispoMd near the distal end- The ^^c^^e: array 
includes a plurality of ieoiated electrode terminals 

25 typically forming the distal tip of the catheter. A 

common electrode is provided and contacted with the 
patient's body to complete an electrically conductive 
path with thia electrode array. The cOTmon electrode may 
be disposed on the catheter body proximally of the 

30 electrode array, or may be disposal distally of the 

electrode array , typically on or as part; of a movable 
guidewi^e. As a third altM^ative, : the common electrode 
may be provided as a discrete member which can be 
attached extema:lly to the patient's skin. In each case, 

35 heating of the stenotic or other occluding material or 

high resistance tissue can be achieved by contacting the 
electrode array with the target location, e.g^ , a leading 
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portion of tiie stenotic material. By then applying high 
frequency voltage between the electxrpde array and the 
coBiBon electrode, heating of the target location will 
resiU.t. 

5 According to a particular aspect of the present 

invention, heating is directed primarily to the target 
location by limiting the current flow through each 
electrode terminal in the electrode array. In this way, 
more power is applied to the higrh resistance (low 

10 conductivity) tissue or stenotic matexrial relative to the 

l€3w resistance (high conductivity) bipod and blood vessel 
wall. Current flow may be liiu.ted by active or passive 
devices, with an exiemplai^y system en^loying a plurality 
of cuzrrent limiting. z;esis current 

15 limiting resistor in seiriesj wit^v e^aqh. electrode terminal* 

The catheter of the present invention may be^ 
used^alone in or^ location e.g., to. 

recaajalize a.^stenatiiG-^^^^^^^ blood vessel. 

Optionally^,, the^^catheter^ may. 

20 other. int«rventional or diagnostic, d^^ 

provide a multiple step treatment and/ or diagnostic 
procedure. In particular, it will be possible to provide 
the electrode array of the present invention in 
combination with or at the distal end of catheters which 

25 employ other interventional and/or diagnoistic elements, 

such as dilatation balloons, lasers, ultrasonic 
transducers, and the li)ce. By employing patheters having 
such additional-capabilities, the need to exchange 
catheters is reduced or eliminated. 

30 A particular advantagr^ of catheters constructed 

in accordan<pe with the principles of t^e present 
invention is that they pan be ^self-gui^^ when 
introduced through a bipod vessel. Since the elecrrode 
array heats atheromatous material in preference to the 

35 blood vessel wall, the catheter can be -advanced without 

siU>stantial concern over damage to the blood vessel wall- 
Biat is, - the path of the catheter will be preferentiaXly 
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ttorough the atbercMia; necessarily limiting aaaiage to the 
blood vessel wall. 

Tbe catheter of «ie presaait invention will 
preferably include a temperature neasuring or sensing 
element near its distal tip, preferably within the 
electrode araray, in otder to measure the temperature at 
the interface between the electrode array and the tissue 
or sttodtlc niaterlal being tareated^ More preferably, a 
plurality of ti^Bperature measuring elements will be 
distifibuted through the electrode array in order to 
^ ^ deterotine the temperature prof He interface. 
Temperature information obtaijied tram, the temperature 
measuring elein^ts can Ise used to control the power 
bu^ut to tl^" eiectrcjdes in order te control the 
tweiratteure dC taHe stenotic material within a desired 
ran#e^ ■ 

fflX F^ pggeMpy EOM OF THE PRAWmgg 
t-^. 1 is a peespective view of a catheter 
system cbrts^nicted in accordance with the principles of 
the present inirehtion, where the catheter includes a 
dilatation ballbCn. 

Fig* 2 is an eniaseged view c*f the distal end of 

the <ath6ter of Pig. l> 

Pig. a is an end view of the "distal tip of the 

2B-" -fcathettor' -bf- Figs.- i"'iutd 2. ■ 

riig^i 4-t8 illuetrate the use of the catheter of 

Figs. 1-3 in the recanalization of a steHosed region 
Within a blood vessel according to the method of the 
present invention. 
30 Fig. 9 is a echematic illustration of a current 

" liiaitihg power ei^ply useful as part of td»e catheter 
kysteid. of the present invention. 

Pigi 10 is a second embodiment bf a catheter 
Sj^t^ cbnstrueted in aeOMrdance with the principles of 
35 ^e present invention. 

Fig. il illustrates use of the catheter of 
Fig. lo in the recanalization of a etenosed region within 
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a blood vessel according Iro tihe method of the present 
invention. 

Fig* 12 illustrates a third embodiment of a 
catheter constructed in accordance with the principles of 
5 the present invention in combination with an anchoring 

, catheter sheath* 

Fig. 13 illustrates the use of the catheter and 
catlieter sheath of Fig. 12 in the recan^li^t^ion of a 
stenosed region within a blood vessel accoz^ing to the 
10 method of; th€^:.presduit invention. . 

This invention provides a method and apparatus 
for selectively heating a target location within a 
patientis body ^ such as solid tissue, a body lumen, or 
15 the like > particularly including atheromatous material 

which partially or fully occludes a blood vessel or other 
body lumen. Xn addition to. blooil. vessel&^, body lumens 
^idiich may be treated b^^ and apparatus of the 

{ireseiit invention vinclildte^; the: ii;^inary. t2?:^i^ (w)vlch for 
20 . ^ mcaapl^: im enla^rged prostrs^te in ; 

maies) , the fallopian tubes (which may be pcic^luded and 
cause- inf ertiltty) ^ -,and the like. For convenience > the 
remaining disclosiu-e will ^^^^k^ at the 

treatment of blood vessels but it will be appreciated 

and methods cam be appli«l equally 
. well to othcqr body lum<ms said passages. . 
. " ^.-...^ . • The stenotXp weit in bloody yeis^^els will be 

atheroma pi: atheromsi^^ous. plaque, and may be relatively 
soft (fresh) or may be in advance stages of 
30 atherosclerosis and hsurdened* The present invention uses 

electrode array including a plurality of independently 
controlled electrodes distributed over the distal portion 
of a catheter to apply heat selectively to the stenotic 
material while IJimiting the unwanted; heating of the blood 
35 ^and/or surrounding vesisel wall, sinpe the. ai^beromatous 

mass in the occlucled. blood vessel is preferentially 
. 'heated and softened relative to. the vessel waXl, the path 
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of the advancing catheter tip will naturilly confined 
in the lumen, away from the blood vessel a^H. The 
electrdde array will usually include at least two 
elecfeodis termnai:s, liore usually at 1^ 
5 terminals, and prsf«rably at least 36 eliectrode 

terminals, or more. As a result, the stenotic material 
is selectively Softened, or weeUcened, permitting 
advancement of the catheter to r^canalize the blood 
= vessel lumen. Accordingly , t^s invention provides a 

10 method and apparatus for ef f ectivel^r penetra;ting a 

pa^^&lly vor t»taily McaiadmA iOjo^^&ss&l by 
simit^i&usly applying both (1) h^t to the stenotic 
i«t»ial sutrotandiniig the tip of the ciitheter and (2) 
pressure against the heated istenotie neater ial using the 

15' bathete# itself - ©ptionaliy, subsecjuerit' recahalizatiore 

p2?OGedtires may be performed u^ing eitheS: the same or a 

different catheter. 

The present invention includes a iasM 

- guiding the^ cSttteter along a pathway ap^3C2^ating -€he^ 
20 e&itr&l region^ of taie occiUd^ l>lood Ve^el; iChe guiding 

means is usually an 6ieeti*ieiliy cbn^ 

coat&iiis or ser^^ as a iaanmon eleetrode for the heating 
»;j - a»ai^'. ihe Riding means is extensible from the tip of 

- the catheter ahd is located wil^iift and concentric to the 
25 catheter conveniently being in the form of a inovable or 

fixed giiidewire. Usually being a movable guldewire. The 
electrode ^^kray is diispbsed proiimally to the common 
electrode and positioned ore or hear the tip Of the 

catbeter-w ' " ' 

Each individual electrode in' this ^ 

- e2>eetrically insulated from all other electrodes in the 
array ahd is cdrinected to its own power source or 
cotlhetitioli \rtiidh limits or internets current flow to the 
eleetrode When low resistivity material (e.g. blood) 
35 caoses a lower resistance path between the co^ 

el«c:t^bde «md the ihcEivittoal electirbde. The tip of the 
catheter is thus cc»»osed of mai^ independent electrode 
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t:er]&iiiLal$ designed to deliver electrical energy in tlie 
, vic:initY of the tip. The selective heating of the 
stenotic material is achieved by connecting e^ach 
individual electrode terminal and the common electrode 
5 (e*g. on a guidevire) to an independent power source, , 

jahXdh aiay^.be a substantially constant current; power 
sourpe. The application of high freguency voltage 
, Ixetween the cpmiiion electrode and the electxo<ie array 
results in the condu€?tion of high freguency .t^iurrent from 
IQ eac^. individual electrode t^ to the said' connon 

ele:Ctrode« The current flow from each individual 
; ^lectrpde terminal to the common electrode is controlled 
isy^ either active or passive means, or a combination 
thereof, to selectively heat the stenotic material while 
15, . .^ minimising the undesirable heat^ing of the blppd or the; ^ 
vessel wall. 

^. _ , . V . This invention :taJces..ad^ 
d^t£jMe^G^^-jjt.^ :e^^ between the 

sftenotic^^^^ blood 
zp..- ^ yessejL ; wall . By way of example ; f or any sfelepted lev%L 
o£ applied voltage, if the electrical conduction path 
between the common electrode (e«g« guidewire) and one of 
the individual elects within the. electrode 

arxay is blood o^ blood vessel wall (each haying a 
25 ^ftlatively low; electrical resistivity ) ^ said current 

control means connected to Individual electj^pde will 
llflit^ c^^ so that the heating of intervening 

blppd or blood vessel wall Is minimized. In contrast, if 
the electrical conduction path between the common 
electrode and one of the individual electrode terminals 
within the electrode array is atheromatous mass (having a 
relatively higher electrical resistivity) , said current 
^contxol meauis connected to said ixidlvidual electrode will 
allow purrent flow sufficient for the heating and 
subsegujent thermal softening or weaicenlng of the 
interaiediate atheromatous mass. 
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The application of a high frec^ehcy voltage 
betwieen tihe conitiion electrode and the electrode array for 
apprc^riate intervals of time substantially weakens the 
selectively heated atheromatous mass, allowing the 
5 catheter to piahetrate and pass through the obstruction^ 

thus recanalifiiig the blood vessel. Once the partially 
or fully occluded blood vessel has been opened to allow 
passage of the catheter , the catheteir tzaii be advanced to 
positif^ a «iilatation balloon (or other ihtcrrventional or 

10 diagnostic eieMht) within the occluding matetiil. The 

dilatation balloon can then be used for angioplasty 
trietatmeht ih a substantially conventional manner. 

Direct (Jouliah) heating of the stenotic 
material by conduction of high frequency current softens 

15 the merterial over a distributed region- TOie volume of ^ 

this distributed region is precisely controlled by the 
geometrical separation between the common electrode (e.g. 
the guidewire) and the eledtirode array. The r^te of ~ 
heating of th^ stenotic mate^ is cbhtroUear by tBe 

20 iap^Xied Vol^ge l:evel. The use of high f rectiifehcy cunfebt 

fc*r C^iiarf heatii^ else minimizes induced stimulation of 
muscle tissii or nerve tissue in the vicinity of the mass 
being heated. Iri addition, high frequencies minimize the 
risk of Mteirfering with the natur-al pacing of the heart 

25 in cirannstances ^ere the citheter of the piresent 

invention is used in the cottmary aurteries. 

The power applied the cc»mon electrode and 
tiie^lectz^e array wiXl be at high freqpiency; typically 
between abbiit 50 kHz and 2 MHz, usually being between 

30 eUbbut too kHz and 1 MHz, and preferably being between 

about 200 kHz and 400 kHz. The voltage applied will 
Usually be in the range ftrom about two volts to lOO 
volts, preferzODly being in the range from about five 
volts to 90 volts, and more preferably being in the range 

35 from about seven volts to 70 volts . Usually, the voltage 

applied will be adjustable, frequently in response to a 
temperature controller which maintains a desired 
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t:empera1:ure at the interface between the electrode array 
and the stenotic material. The desired temperatiire at 
the xiStierf ace between the ele^^ the 
stenotic material will usxially be in the ranige from about 
5 38«C to lOO'C/ more usually froni about 38*C to 80*C^ and 

preferably from about 4 O^C to* 70 

A particular advantage of present invention 
is that to^ meains cah be cbnf i^rt^red to a wide 

range of catheter sizes apfpitaptlatM tb the particular 

10 size of Me occluded blood vessel br other Body luaen or 

cavity being irecanalizdd; typieaily ih the range of 
dimeters from 6.04 td 0.4 ihckiesi. The present invention 
can also incorporate a ^niidfeviire which can function as 
both a means for controlling and 'Riding tlxe path of the 

15 cathet^t in ibie coh^^etvtxbnal ii&iynMSr, as^ well as to 

ccNticehti^ate th^ ^^tiiial poWier i4 directly 
into th4 ^^eiibtic ntalierial by servin^j as the common 
iStiectlrcKici.:- ■ ■• - t '^ '-'' 

■ liib;^t)r^ei* sbufce of the present 

20 invention caii dteiiv^ a mgh t^e^tien^ vdltige selectable 

to generate power levels rangiiitr: f jrom several milliwatts 
to 50 watts, die^pending on size bf the stenotic 

material being heated, the size bf the blobd vessel being 
recanalized, and the rate of a&Vahcemeht bf the heating 

25 means through somrce 

allows tfae'^us^ to select the vbltage level according to 
the sj^c^bific refjiiiremei^ of a jpaxrticulhr angioplasty or 
ott^r proccitdure. 

The power source will be qxirreint limited or 

30 oth^tvise contiroiled so that undesired heating of blood, 

blood vessel will, and other low electrical resistance 
mat^rial^ does hot occur. In the i^ateaqalary ejabodiment 
dekcilbed bel«s4J; cto^ lliititihg resistors are placed in 
sbries with eich ixKiependent elJ^^ where the 

is zresistbr is •siz4d» to pirbvide an at least equal, and 

pref wably gif resistance than i^ould normally be 

provided by the stenotic material . Thus , the electrode 
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^ees a substantially constant current source so that 
power dissipation through a low resistance path, e.g. 
blood, will be substantially dimojni^ed. _ _ 

an alternative to the current iiviiting 
5 resistors, a cpntirolled power supply nay be provided 

whiph interrupts the current flow to an individual 
elec^Q^e in the array when the resistance between that 
eXeetirode^ aund t]he omimon electrode falls below a 
threshQld level. The control could be ia^lemented by 
10 placing a switcdi in series with each electrode, where the 

witxdi is^ttirned on and off based on the sezised current 
flow through the electrode, i.e. when the current flow 
^xe^eds a preselected liiait, the swiluA would be turned 
off. The cuxrreirit limit ciould be ^electable. 1^ the us«: 
15 and preferably yould be 'preset at the time pf manufacture 

of the power scwirce. Current flow .coul4 be periodically 
sensed and reestablished %rtien the stenotic material 
resistance is again present- Particular control system 
desigiis f oi^. iii«)lfmenting this st;rategy are well witiEin 
20 the ^Icill ;in lOie art. 

In an, exemplaory embodiment as shqwn^ in 
Figure, 1, a catheter 10 includes a gpiidewijre 16 irtiich 
functions! both as a ibmuvs f or guiding the catheter into 
ttkA iiitended jpos^.jti^^^ 
25 She ent:ire g^dewire ip«y te; an electrode> or it nay 

cf^itain an electrode, ^isf&rrpag to Figures 1 and 2, the 
catheter 10 also includes an array of elect;rode 
terminals 18 disposed on the distal tip 12 of the 
catheter 10. T|ie electrode^terminals 18 are electxically 
isolated from each otiher and from ccwon electrode 
X6. Proximally from the ^ tip 12» «»atheteir 10 includes 

V a qcmvetttlonal dilatatipn (ajP^gipplast^Y) bal,l,oon 20 

generally concentric with tj^e Sbaft of the catheter 10. 
Still referring to Figures l euad. 2, each of the terminals 
18 is connected to the ii^^>edance ma t chi n g network 22 by 
means of the individually insulated conductors 52. "Oie 
proximal portion of the catheter 10 is also ecpiii^ed with 
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the fluid port 24 c(»piiianlca1:ing with balloon 20. The 
guidewire is axially movable in an electrically 
insulating guidewire lumen tube 46, said lumen tube 46 
being contained in, and concentric to, the catheter 10- 
5 The proximal end 42 of the guidewire is sealed against 

fluid leaks by a fluid seal 28, The proxinal portion of 
the fsath^ter 10 also has a connector 26 fqr i>i:oviding the 
, electrical c^mections to the matching network 22. 
A power source 32 provides a hi^^ 
10 voltage to the electrode terjainals 18 by means of a cable 

38, copnectahle to the CO The power source 32 

has a conlaroller 34 to change the applied voltage level 
as well as a selector 36 for selection of the highest 
itei^erature at the tip 12 of the cath^t^r 10 glaring its 
15 e use, as explained latex. F:ina^llY,, «ie Ri^oxi^l portion 
: r of the guidewire «3.ectrode 42 , is ;Coi|^eGt:eaJj ^t^^^^^ power 
soiM«se 32. by at detach^ 

^-.Jto..^t;he emhodiJient.^'S^y^ in Figures 1, 2, and 3, 
tei^ieretiittBfjeeiMqff:^ distal tip 12 

20 pfr ^tte' <?%theter 10,^ 

chrcmel «id alumel) . Said tea^erature sei:eors 48 and 
connected to taie pow^ source 32 by therinocouple wires 50 
. extending the length of the catheteir 10 and ^y . the cable 
38 connected through the cpnnectoir 26'. The te«pejrature 
25 senscars 48 at t»^]%i^.X2-.ot the catheter 10 are connected 

to a feedback control system in power spurce 32 to adjust 
the . power output sfo that the user , aelectal>le 
is not exceeded diixring the use of the catheter in 
recanalization of an occluded blood vessel. Power output 
30; . could be controlled by any conventional technique, such 
as control of voltage, current, duty cycle, or the like. 
The selectable ten^Jerature is selected by the user by 
adjusting selector 36 provided in the power source 32. 

Referring. to Figure 2, tti& AlsM^I^ 12 of the 
35 catheter lO of; the pref ffJced emb»diment C^»^^^ **e 

reposed terminals tbe electrode terminals 18 and the 
, tcnperatnre eensors 48. The terminals 18 and temperature 
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scmsorW 4^ are secured in a inatarix of suitable insulatingr 
inaterial (e.g. epoxy) 54 and formed in a generally 
tapered or IxMasjji^ical shape, preferably being a 
conical or "nose cbiie- cbnfiguration; Proxinial to the 
tapered tip IS , "teniperattire sensor wires 50 and 
electrode wir^s 52 are contained in a jacket 44 of 
cylindrical shape covering the length of the catheter 10. 

jai end vi:6w of the catheter 10 at the tip 12 is 
illustrated in Figure 3 . Ref errJjig to Figures 2 and 3 , 
electrode terwitiali 18 are eliectrically ittsuieted from 
eaeh other aiiid f rem tiii«>MrilMre se^ 48 , and are 
secured tbfdtliir in aE bundle by the electrically 
insulating liaterial ^4 . Proximal to the tip 12, the 
thermocotipie wires SO and electrode wires 52 aare 
contained in a suitable jacilcet 44 of cylindrical shape. i 
covering th^ length of the catheter 10- central 
portion of the catheter 10 contains the electrically 
insulating guidewire luken tube 46 tAich provides a&^lumen 
for the ^uld^^ire 16 . The distal teiid of the said tube 46 
t^tionilly eact^^nds beyond the tip 12 to provide a tip * 
offset 14. The ihtehded purpose of said tip of f set 14 is 
to provide a minimum separation between the said common 
electrode oh guidewire 15 and array of electrodes 18, 
usually being at l^^t 0.02 inches, more usually being at 
least 0.15 iiiChes, arid sometiiies being cas incshes or 
greater. 

figure 4 illuminates how ^e catheter lo can be 
applied to recanklize a blood vessel 56 occluded with an 
atherbiatous plaqu^ 58, In this case, the guidewire 16 
is f irst advanced to the site of the atheromatous plaque 
^8, arid the tsathetter 10 is then moved over the guidewire 
16 to contact a leading edge of the prlaque. Next, the 
guidewire 16 is advanced through the plaique 58 under 
fluoroscopic guidance, exposing a length 60 of the 
gtiidewire \rtiitsh is ele eonductii^i 

Referring next to Figure 5> the distal tip 12 
of the catheter lo cjomprising the array of electrode 
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terminals 18 is urged against: t:he atheroma tot^s plaque 58. 
/A high frequency yol'tage is applied be1:ween .t:he common 
eleicr^odje on guidevire 16 and each of the electrode 
terminals 18* The resulting electrical current flows 
between the said common electirode 16 and. the electz^ode 
terminals 18 through the atheromatous plague 58, as 
illustrated by current f lux lines 62, Due to the 
electrical resistance of the. atheromatous - plague 58 the 
localized currcsnt flow heats the plague 58 in a zone 64* 
The localized heating is jBtd justed by varying the level 
and,.^duratiipn of tt^ high^ frequency, voltage . 

The. tip offset %A maintains a jainimutm distance 
between the electrode 18 and the qpmmon electrodte 
(guidewire) 16 . The zone of -heat ing 64 within the placpie 
58 is defined iay the boimdary of the curr^ent. flux lines 
62. The ather^omatous plague material softens in the 
heat!i^# zone 64^^,^ whtctr-jiacilitaite ^ the forwards axial 
advaQG^emeiit^, o:^ the.: cat^etei^;:;t>ip X2 through said heated 
: ^ zm^±^^a^mq^^ ef if cts . Ithe 

: > dii^laeement ^pf the plaq^^e^^^^ thereby:;^recanali?s^(ng 
(creating an qpening through.) the previpus3.y;<; occluded 
y^v blood vessel 56, = The catheter Xp is advanced through the 
softened plaque until a channel is created in the 
. pccluding mass. l%Le caitheter , 10 is. withdrawn leaving a 
. vessel recanarli^^^d: allowing an. improved- f low of blood ^ 
therethrough. 

. After the catheter. 10 : had .been advanced through 
;;tfae heated plaxiue, if ;:iiecei58$fry> t^e balloon 20 can be 
inflated with V appropriate fliiid to appropriate pressures 
to ftf f ect cpjtventional angioplasty. 

There are situations where a g\iidewire cemnot 
^ v:^^^ stenosed region 58, as 

illustrated in Figure 6* Xn such cases, the common 
electrode (guidewire> X6 is partially penetrated into the 
. atheromatous plaque 58 * . to the: extent possible. The . 
array of electrodes , 18 is contacted against the wall of 
placnie 58 ' , and the tip offset 14 creates a minimum 
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spacin? beitween t:he common elcctarode i6 and ^6 elecrrode 
arriy so that, some heating of plaque will occur- The 
- catheter 10 and the common electrode 16 can then be 
klterhately advanced until a channel is cxfeated through 
5 the entire region of plaque 58 Once agaixiv 

conventional balloon angioplasty can be performed once 
the balloon 20, in its deflated position, has been 
advanced across the plaque 58 • . 

A central aspect of the pres^mt iiivention is 

10 the ability of the catheter 10 to deliver electrical 

energy effectively only to tlie intended areas, i.e. the 
atheromatous material, and not to the blood or the blood 
vessel. Such directed energy traiisfer results in 
sele^ive heating of the atheromatous material which 

15 allows the catheter to be ••self-giiiding" as described . 

above. When the tip 12 of the catheter 10 is pressed ^ 
against a region of stenotic material, SOTie of the 
electrode terminals 18 will be in contact with atl^^oma, 
while other electrode termittals »ay be in coxltact .with 

20 bloodi^ and ye-jt others may be in coilta^ with the blood, 

vessel wall. These situations are illustrated in Figures 
7 ^d B . Each of the electrode terminals IB experiences 

electrical impedance which is characteristic of the 
material which is dispdsed between the individual 

25 electrode terminal tod the common electrode-/ The present 

invention takes advantage of the fact that the electrical 
resistivity of typical atherdma is higher than that of 
bloixi or bldod vessel wall. Thos^ if the current passing 
thrbi:^h each of the electro teraiinals 18 is limited to 

30 a substantially constant valtiier the regions of higher 

electrical resistivity will generate more aoulian heating 
(pdWer « I^R^ -lAere 1 is' the current through resistance 
R) than a region of lower electrical resistivity. 
Therefore, the ath^omatous plaque of the stenotic region 

35 will be selectively heated up while the blood and blood 

vessel wall will experiience a mizdJUatl rise in 
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t:eaipera'ture* Thus, the catlietier will selectively advance 
ttxrougb the atheroma which has been heated and softened. 

The heating selectivity Qf the present 
invi^xition is acconiplished by selecting the electrical 
•S resistance of the various components which comprise this 

pathway of the electrical current 62 between the common 
electrode (guidewire) 16 and each of the electrode 
terminals 18 in the electrode array located at the tip 12 
of the catheter 10> By way of exaa^le/ the^ crlectrical 

to reisi^tivity of blood at body temp^ature is in the range 

' firc^ 148 to 176 Ohm-cm at a .^equency up to 120 3cHz 

(Geddes et alv (1967) M^d. Bial . Eng. 51271-293) . The 
electrical resistivity of hum^m cardiac and skeletal 
muscle (which approximates the structure of the blood 

15 vessel wall) is in the range of ioa to 456 Ohm-cm at 

freqpiencies in the range lOO to lOOO kHz ^C<*eddes et al. 
(1967) , supra) . 

^ - " III cdnti^atsitv: ata£isirdmatous^.m^ generally 
- -'restiolfl&li^. f at-lB&i3£:-d^5ibs^ ' ' 

20 lipiiter and lipidophages- Basfed on its^^ p^ fat-* 

likeO^i^dsition/ the athercawatous mass has a zrelatively 
high electrical resistivity as compared with blood. The 
eiect^ic^al resistivity of fat^like substances in human 
has^ heen reported in the r^ange of 1,000 to 3>qoo Ohm-cm 

is at ^^xf^iBXiGi^ rzmging from lOO to l , boo kHz (Geddes^ et 

^'^^ al.^ (1:967) / supra) i Miis invention utilises the 

inh^i^ht two to ten fold difference in electrical 
rraistivities to selectively heat the atheromatous plaque 
in a blood vessel . 
^3f^© > Bach of the electrode terminals 18 is connected 

to an individual source of current by means of wires 52. 
A current limiting neti^ork providing the controlled or 
constant ctirrent, as described above, is contained in a 
junction box 22. The network can be composed of either 

35 active or passive eleetarcmie coi^KmeAts to perform its 

intended function. By way of exiBUiBple# and not intending 
to limit the scope and spirit of this invention, a 
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ne^oirJc compost of passive circuil:^ eleaenl^s, i.e. 
resistors, is illustrated in Figw 9. Refemrin? to 
Figs . 1, Zr ana ;9v a = constant Guxrrent netvprlc 22 consists 
of a aniltiplicity of resistors 72 wliiclx are same in 
5 nuiiber as the^ electrode terminals 18 • Each resistor is 

connected between a power source 32 (by the connector 26 
and cable 38) and the corresponding electrode terminal 18 
(hy wire 52) i The current will be maintained 
substantially constant so long as each resistor impedance 
10 is sufficiei^ly higher tham the ioad impc^dance. Suitable 

resistor vmlues will be in the range from soft n to 
SO, 000 usually bedung in the range from 1,000 n to 
25^000 n, pr^erably being in the rajige frcmt 3,000 n to 
15,000 i^-; 

15 Still referring to Figs. 1 and 9, each 

electrode terminal 18 is coxmected to a load represented 
by the atheroma, blood, or blood vessel wall>v More 
specifically, the load ia^danoe 74 of the atheroma^^s 
: dea^^mtiKi^by A, >^e load iiqpiBdance 76 of blood is - 

20 ^ ^denoted by B, and load iaqdedance 78 of vessel wall is . 

d^ot«i by W.-respectiwiyv As the cusrent. passes through 
idxese ceqdOR^ts, it is received by the common electrode 
(goidewire) 16 which is in turn connected to the power 
source 32 by connector 30 and cablje 40. The level of the 

25 cui^ent flowing in the circuits is; cont^ by the 

voltage applied betwe^ the proximal end of the resistor 
net^rJc 22 and the common electrode (guidewire> 16. 

The esqpected poww delivered to each of the 
loads (i.e. atheroma, blood, and vessel wall tissue) can 

30 be calculated based on exemplary values for the different 

parameters as enumerated below: 

Catheter diameter (5 French), D 1.66 mm 

number of Electrodes Terminals 18, n 60 
35 Si2e of the electrode 18 tip, d 0.004* dia. 

Besistance of the network resistor 72, R 10,000 Ohms 
Inedance 74 of atheroma^ A 3,000 Ohms 
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la«iedance 76 of, blood, B 200 Otms 

impedance 78 of vessel wall, W 500 Ohms 

•Appjicd voltage from source 32 Vz 40 VolUs, RMS 

5 caicnilated power dissipation per electr in: 

Atheroma 28 milliwatts 

Blood 3 milliwatts 

Vessel Wall 7 milliwatts 

10 Calculating powca: (ifR) from the above, the. 

V power dissipation in the athc^opatojis plaque is 
a^uro^ciiMtely .ti^ times that in blood and four times that 
H in blood vessel wall re??pectiyely- Talcing into account 

: 1 thei;h«i«t^capaci;ties...of ^^^^^ expected- 
15 temp^ature in atheromatous plague will, be 

considerably greater than in the bipod or blood vessel 

•• wall^-^-'-- .. 

; . -tphe d 
■athe3gappatousv:^laque<*^->tp.7 
20 of laie-ordfMr of vlO* to 60^ • Ra^B«i,.^ the above r * 

calculation, a 10* to «0^C in» 

tiMar athercmatous plague usi^ the appaxratus and method of 
the present invention will result in^a corresponding rise 
ofe *lood ten«>erature in range of 1*C to 6*C caused by 
25 the>Gurrent f lowing directly through l^e^^ bipod. 

pnce a^ sufficient temperature rise is 
accoB^lished in the at*eropatU3US plaque 

s^ength of the said m?s s^ reduced in the 

localized region surrounding tAe tip 12 of the catheter 

30 xo 3!his all^s the patheter 10 to be advanced 

indrementally through the plaque by applying a 
longitudinal force on thjB portions of the catJieter lO 
esetemal to the patient. This f orce is transmitted aiong 
the length of the catheter 10 to the tip region 12 to 

35 create a Hboring pressure", sufficie^ to penetrate the 

plaque 5B- As the blood vessel wall is not equivalently 
heated or softened, the catheter will preferentially 
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advance through the plaque 58 following ^ patA of it:s own 
creation* 

The method of controlling the hea the 
thermally assisted angioplasty catheter of this invention 
5 can ai^o he accbinplifehed by teapiera^ control 

mechanism. The temperature of the atheroma in contact 
•with the tip 12 is sensed by temperature sensing elements 
such as means of thermocouple pairs (Fig * 3 ) 4 8 . A 
feedback control loop contained in the power source 32 

16 allows the adjustment of the necessary voltage applied so 

that the required temperature rise^^^i^^^^^^^ atheroma is 
accoB^lish^ . cfonversely ; by cdntinuousiy monitoring the 
temperat^e of the atheroma being -heated , the appropriate 
\tolta^e level is^ <;diitinuotely ' iiiaintained su that the 

15 user-fe4leicted temperature is never eacceeded. 

While the above descrifition provides a full and 
complete disclosure of a preferred embodiment of the- 
invention/ various modifications, alternative 
bbnst±ixctxiSns/^^a^ equivalents iay be lE^loyed. Pcm^ 

20 ex^inpie, the ^b#er coiild be cbminanieated to thfe 

^i^ectrodes by Wir^es inda^ded in the catheteEr wall. Also, 
the teinp^atitt^e sensing My be achieved using fiber 
oc^ii^ with inf raided tensing' technique a ^teermocouple, a 
thtt^mii^lior or btfier temperarure sfiiteing means- 

25 AlteinfiatiV^iy^ by prbp^ of metals used for 

(1) uttiiti^libitj^ of electrodes and leads (e^g. 
Cdnstantart) and (2> (e*g- steel) ^ each 

iiidividual electrode can function as a th^-ieocouple in 
tibniumrtion with thfe singular guidewire. ISte measurement 

30 of the direct curreftt voltage between the guidewire and 

the multiplicity ^^ o^ electrodes indicates the maximum 
teaberature which occurs at any location on the catheter 
tip. This information can then be used in the feedback 
control loop a^ described above to assure an improved 

35 safe \xppe± iiaiit on the opi^ating temperature during the 

tise of ' th^ appiaratiis of the present inventicMi. 



W093/13816 PCr/US92/ll265 

21 

A more preferred eBtbodxnient: of the cathe'ter of 
this invention is shown in Fig- 10. In this embodiment ^ 
the catheter 80 is substantially similar in construction 
to that of Fig. l,, except that a second electrode 82 is 
5,^ provided for on the body 84 of the catheter shaft instead 

of the guidewire being the second electrpde- During use 
... of the. catheter 80 in therapy, this seconc? electrode 82 

..^ is iiitended to be in electrical contact Vith the blood in 
the artery. The . location of the, second electrode 82 is 
10 shown to be near the proximal end of the catheter 80 , ,but 

. could 9ls9 be disposed, morft distally. 

$tiai referring to Fig. IP,, guiylewir 86 is 
connected to the cuyrwt- limiting circuity power 
source 94 in a manner similar to the electrical 
15 connection of tip electrodes 90 . During us^e of the 

catheter 90 , the guidewire 8 6t_becomea . an additional 
electr^ode^rworlw^ with tfte other tip 

electrodes. Jn thi& e^^ no of f set between the 

guidewire f 6^ ai^ 

20 , Referring now to Fig^ il, tOie cretheter 80 is 

. advtoced pv€yr 1^ 8.6 to the site qf a total 

, occlusion 88 in the j^ery 89. The e^lectrode array 90 
atnd the guidewire 86 sure connected to the pqwer source 94 
(Fig. 10) > and the setcond electrpde 82 is connected to an 

25 opposite polcu::ity te^ ®y : 

allying powe^r to t^e electrodias 90 and 82 current flux 
lines 92 are formed and distributed in the occlusion 88. 
. The highest ciirrent dcsnsity. exists at the imrc 

vicinity of the . tip electrode array 90^. thereby producing 

3p : T^xi"™ heating pf the atheroma in contact with the 

catheter tip. A return path for the electrical current 
from the tip electrodes 90 to the second electrode 82 is 
defined througji the blood in the blood. ve^ the blood 

vessel wall, and/or the surrounding tissue. However, the 

35 cuirrf^t is most likely to flow through the blood and 

blood vessel wali as these co«q?onents hsf^ye much lower 
resistivity as compared to otJpiier body tissue. The second 
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electrode 82 is designed to be long with a large surface 
area to ensure low density of current flux llAes at said 
second electrode. 

AS the current passes through, the i^perature 

5 of the bbcluding material 88 is raised, thereby softening 

the bbclusion. The catheter 80 along thfe guidewire 86 is 
a^ranoed through this softened athei^oma until the vessel 
is recan^aized. A final recanializatiah step can then be 
performed by balloon dilatation or other Currently 

10 available therapeutic' techniques . 

It is undetsfeood that the plaque in the total 
bcclusioris can bia. denize and somewhat hard to ptish a 
" catheter through even though it is he&t^^ In order to 
f icilitate the mechahicii advancement of the catheter 

IS through the plaque, toother ei^*odiment Of the catheter 

system of the present invention is illustrated in Fig. 
12. The catheter lO of Fig. l or catheter 80 of Fig. lO 
is placed in a sheath catheter 96. The distal end of the 
sheath catiieter diB includes one or a pltii^lity of 

20 expanding means 98, such as iwClatiible balloons. The 

proxiiAil end of the sHeath catheteif 96 includes the 
ri^s^ftari^ blood scaling means and bSilloOit eaqpanding 
poiits. ihe Shaft of the sheath cafcthetgr 96 includes the 
iifecessary lumen Cs> for «qpin 98- 

25 The purpose of the sheath catheter 96 is to 

provide in anbhor for the main catheter iO or 80 while in 
use. specifically referring to Fig. 13 , the catheter 
system (comprising of the sheath catheter 96 and the main 
catheter 10 or 80) is advanced to the site of «ie 

30 occltision 102 (Fig- il) . The ballobn(s) 98 aire inflated 

and thb sheath catheter 96 is thus anchored in position 
in 4he blood vessel proximate to the occlusion. The main 
catheter 10 or 80 is then advanced inside the sheath 
catheteir 96 against the occlusion 102. The main catheter 

35 tip 90 is then energized, and further advanced through 

the softened atheroma. The sheath catheter 96 with 
inflated ballobn(s) 98 thus serves as airi ainchoring means 
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assisting in the advancing of the main catheter 10 or 80 
through the occlusion 102. 

Although the foregoing invention has been 
descn:ibe4 in Retail for purposes of clarity of , 
5 understanding, it will be obvious that certain 

Bodif ications loay . be pra^ .within the scope of the 

appended, claims* , 
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wtoJ IS CT ^TMEP ta; 

v-A -csaithe"ter' system conqorising: . 
a cattiater body Having a proximal end and a. 

5 dismal eiul; 

^ electrode array disposed near the distal end 

of the catheter body, said array including a plurality of 
electrically isolated electrode terminals disposed over a 
contact sxirface; 

10 a common electrode; and 

means for applying a high frequency voltage 
between the electrode array and the common electrode, 
wherein current flow to each electrode terminal is 
individually controlled in response to changes in 

15 impedance between the electrode terminal and the common 

electrode. ^ 

2. A catheter system as in claim 1, wftiMreih 
the common electrode is disposed on the catheter body 

26 proximally of 'the electrode array. « 

3. A catheter system as in claim 1, herein 
the common electrode con^trises a wire extending distally 
from the catheter body. 

25 

4. A catheter system as in claim 1, wherein 
the common electrode comprises means for external 
attachment to a patient's body. 

30 5. A catheter system as in claim 1, further 

comprising an interventional element disposed proximally 
of the electrode axrray oh the catheter body. 

6. A catheter system as in claim 5, wherein 
35 the interventional element coii?>rises a dilatation 

balloon. 
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7. A catheter systeitt as in claim 1, further 
comprising means for measuring temperature disposed near 
the distal end of the catheter ;body^ 

5. 8. A catheter system as in claim 7, wherein 

the means for measuringv temperature cosiprises a plurality 
of temperature sensing elements disposied within the 
electrode array* 

10 ? . A catheter system sis in claim 7, ^fereby 

the flieans fq^: applying the hj^ frequency voltage 
comprises, means for controlling; the voltage based on the 
temperature sensed by the temperature sensing means* 

1.5..^ - IQ v A J^atheter systeift a^ :in. cla,^ 1,, further 

conprising means for individually limiting current flow 
throiugh each electrode terminal in order to control 

■ .-CUrrfipti:cflO«i.. v -v.., ■>-::^.:;>^vv-.r-.:::^: 

20 . llv A -ca^elMar /^^ystem as i^^^ 10, wherein 

the neens for limiting current flow comprises a plurality 
of current limiting resistors locate4 within the catheter 
body, with at least one resistor connected to each 
electrode teraiinal* : . 

z5.. , .. , . . - 

A q«tJiete2:5 systeai . in plaim 10 , wherein 
the means for limiting current flow comprises a plurality 
-pf jcuxxTOt iiJaiiting resi^ located within the voltage 

applying means, wit;J* at least one resistpr connected to 
30 each electrode terminal* 

. 13> A fsatheter system as iyi claim 1, wherein 
the contact surf ace is a tap^ared, surface at the distal 
end of the catheter body. 
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14 . A catheter syst^ as in claim 13, wherein 
the tapered siirface is of nosecone conf igiuration. 
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15. A csatijeter ccMiprising: 

a caliheter body liaving a proxisal end, a dlslial 
BX)A, euid a guide«riir«s luaen; 

an electrode array disposed near the distal end 
5 of the catheter body, seid array including a plurality of 

isolated eleiitrode terminals disposed over a contact 
surface; 

means for connecting the isolated electrode < 
terminals to a high frequency power siq^ly; and 
^i, a pluirailty of cttrrent limiting resistors , with 

at least one r^istc^ir connected iii series between each 
eleetrdde teocminal and the power sn^ly. 

16. A catixeter as in claim 15, wherein the 
15 current liatiting resistors are disposed in the catheter 

body. ' 

17. A catheter as in claim IS, therein the 
current- limiting resistors are disposed in the hi#i 

20 frequency power si^iply aisa e plurality of conductors iiare 

di^^os6d in tihe ciactheter bbd^ f or conhtt*ing the 
resistors to the power st^ly. 
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18. A catheter as ih claim is; further 
coB^rising an interventional element disposed proactrially 
of the eiset^rcde arrmy on the catheter body. 

19 . A ckthetsr as in clftJat i»> tdrerein the 
intervehtioiial elemitot comprises a di^rtatloh balloon. 

20. A catheter as in claim 18, further 
eom^ising means for measuring ten^erature disposed near 
-Ute distal end of the catheter body. 



35 21. A catheter as in claim 20, irtterein the 

means for meiLSmrihg teaperature coaqprises a plurality of 



10 
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temperatixre sensing elementis dxs'tribu1:ed vlt:h±n -the 
electeode array . 

22. A catheter as in claim 15, further 
> comprising a movable guidewire slidable disposed within 

the guidewire lumenir wherein sadLd guidewire is 
electrically isolated from the electrode array and 
includes a common electrode and BUBtans for connecting the 
common electrode to a high frequency power supply. 

23. A catheter as in claim 15, further 
comprising a common electrode disposed on the catheter 
body proximally of the electrode array. 

^5 24* A catheter aif^^i^ the 

cvonrent limiting resistors have a resistance in the range 
from 500 n to 50,opo n. 

; 25^ A ^athete^ in claim 15, wherein the 

20 electrode array is dispose^ c^er^^^a^ 

distal end of the catheter body. 

26. A catheter as in claim 25, yhierein the 
tapered surface is of nosecone configuration. 

25 ^ ^ .^^ _ . ' 

27 . A catheter, system comprising 

a catheter guide having a proximaX end, a 
distal end, a lumen therethrough, smd a common electrode 
disposed on an exterior distal surface; 

30 a catheter body disposed within the lumen of . 

the catheter guide, said catheter body having a proximal 
en4, a ftistal end, axid an electrode array disposed over a 
contact surf ace at the distel end, said electrode array 
including a plurality of electrically isolated electrode 

35 terminals; and 
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neaiis for individuaily connecting the electrode 
tierminals to a high frequency pover ^supply along isolated 
high iopedance conductive paths; 

whereby the cbioBion electrode and the electrode 
5 array may be connected to a high frequency power supply 

to efficiently deliver energy to a patient surface 
contacted by the electrodie airray aind electrically exposed 
to the coBiibn iilectrode« 

XO 28. A catheter system as in claim 27, wherein 

the catheter guide cosq^^iees an inflatable balloon 
disposed hear its distal end. 

29. A catheter system as in claim 21 , further 
15 comprising a guidewire received in a guidewire lumen in 

the catheter body, wherein the guidkwire is electrically 
coupled to the electrode array . 

30. A catheter System as in claim 27, ^rflisrein 
20 the wbxatk tar rcoimeetihi^ conqprises a plurality of current 

limiting resistors connected in parallel between the 
individual electrode terminals and a cramon pole of the 
power supply. 

25 31. A catheteir systems as in -claim 30, ^ereiji 

the <sui:reht limiting resistblrs are disposed in the distal 
end of the canister bo<^. 

32. A catheter isyst^ wherein 
30 the contact eiirf ace is tapered 

33. A catheter system as in claim 32, wherein 
the tapered surf ace is of nosecbne <5onfigtb»tion. 



35 



34. A method for applying energy to a surface 
in a body lumen, said method coaqprising: 
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cont:ac1:ln9 the patient with a common electrode; 
positioning the catheter within the body lumen 
so that an electrode array including a plurality of 
isolated electrode terminals contacts the surface; and 
5... applying high frequency voltage between the 

coBBtpn €|tlectrode and the electrode array, wh^ein current 
flow throtugh each electrode termiiial is individuaaiy 
controlled; 

^erelv the surf ace i9 heated by the flow of' 
10 current lMtween,4^iyidual electrode tergainals which 

. contact the surf aqie and the common electrode. 

35. A method as in claim 34, wherein the 
common electrode is contacted, as part of a guidewir e . 



: 36^, A method as J:|i^ cljai^. 37,^ w^ 
catheter is positioned over the^ guidewiire, 

^v?^ 37 ..;: A^^ wherein the 

20 cqmmpn elecrtta^ 

38. A method as in clf^im 34, wherein the 
common electrode is disposed within the body lumen to 
form a conductive path through a fluid within the body 

25 lumen. 

39. A method as in claim 34, wherein the high 
frequency voltage is in the range from 50 kHz to 2 MHz 
and the voltage is in the range from two volts to 100 

30 volts. 



40. A method as in claim 34, further 
can^risdlng measuring temperature at an interface between 
the electrode array and the surface region. 
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AX. A ii»tl»CKi in claiim 40, fuirth.er 
«»in^itting cont^oili^ the applied voltage based on the 
■ttasurjsd inteffiice -teniperature. . 

42. A method as iln cladtm 34, wherein the body 
itm^ ecnqiris^ a blood vessel and the Surf ace is an 
occluded iregidh coi^rising stenotic material. 

4i. A mfethod as in daiii 42, further 
Gt^pciki^ advahding the^bathetMr thrbu?^ th« «4ccluded 
re^ioh to f acia soli' ettiaarged iiptaikaq itt the stenotic 
material. 

44. A method as irt claim 43, further 
comprising advancing an interventional el^ent into the 
enlarged opening and treating the occlusion with the 
interVehtionai element. 

45^ A method aiB iii blaim 44 , wherein the- ^5: 
int^rvehtibiiki: «lrtiiiht is an oxpaihdabi4 bailboh and 
treating comprises ea^anding the balloon within the 
enlairgisd opehilsg. 
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